Is the Electroencephalogram Power Spectrum Valuable for Diagnosis of the Elderly with Cognitive Impairment?  by Ya, Miao et al.
lable at ScienceDirect
International Journal of Gerontology 9 (2015) 196e200Contents lists avaiInternational Journal of Gerontology
journal homepage: www.i jge-onl ine.comOriginal ArticleIs the Electroencephalogram Power Spectrum Valuable for Diagnosis
of the Elderly with Cognitive Impairment?*
Miao Ya y, Wang Xun y, Li Wei, He Ting, Yan Hong, Zhong Yuan*
Department of Geriatrics, Shanghai Jiao Tong University-afﬁliated Sixth People's Hospital, Shanghai 200233, Chinaa r t i c l e i n f o
Article history:
Received 18 December 2013
Received in revised form
27 March 2014
Accepted 2 July 2014






working memory* Conﬂicts of interest: None of the authors have
interests to declare related to the content of this man
* Correspondence to: Dr Zhong Yuan, Department
Hospital, 600 Yi Shan Road, Shanghai 200233, China.
E-mail address: zhongyuan_zhy@163.com (Z. Yuan
y These two authors contributed equally to this wo
http://dx.doi.org/10.1016/j.ijge.2014.07.001
1873-9598/Copyright © 2015, Taiwan Society of Gerias u m m a r y
Background: To study the changes of electroencephalogram (EEG) power spectrum in the elderly with
mild cognitive dysfunction in resting and working memory task states.
Methods: In this study, 40 patients with mild Alzheimer's disease (AD group), 40 patients with mild
cognitive impairment (MCI group), and 40 normal controls (NC group) were enrolled. Their EEGs were
recorded in resting and working memory task states. The EEG power spectrum, including d, q, a1, a2, b1,
and b2, were analyzed from 10 channels: right and left frontal (F3, F4), central (C3, C4), parietal (P3, P4),
temporal (T3, T4), and occipital (O1, O2).
Results: In the resting state, the d and q powers from some regions in the AD group were higher than
those in the NC group and the MCI group (p < 0.05). The d powers from some regions in the MCI group
were higher than those in the NC group (p < 0.05). During the working memory task, the d, q, and a1
powers from some regions in the MCI and AD groups were higher than those in the NC group (p < 0.05).
Conclusion: The slow EGG waves and increased d and q power spectrum from some regions in patients
with mild AD and MCI could be found during the resting state. The increased d, q, and a1 powers from
some regions in AD and MCI patients were obvious in the working memory task. It can thus be postu-
lated that the EEG power spectrum may have a certain value in the diagnosis of elderly patients with
mild cognitive dysfunction.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Alzheimer's disease (AD) is a type of progressive neurological
degeneration disease characterized by a decline in memory and
other cognitive functions. The population of AD patients is gradu-
ally expanding in China because of the accelerated aging society. AD
is a continuous disease process that can be divided into three
clinical stages: asymptomatic preclinical AD, mild cognitive
impairment (MCI) due to AD, and dementia caused by AD (mild,
medium, or severe AD)1. Experimental evidence suggests that the
pathophysiology of AD begins many years or even decades prior to
the clinical diagnosis, which provides the opportunity for treatingany ﬁnancial or nonﬁnancial
uscript.
of Geriatrics, Sixth People's
).
rk.
tric Emergency & Critical Care Meit. How to accurately identify MCI due to AD is currently a research
hotspot. The clinical diagnosis has dominated for a long time
because of the lack of speciﬁc markers.
Electroencephalogram (EEG) is one of the technologies
commonly used in the clinical setting to diagnose and study the
functional activities of the human brain, with the advantages of
being easy to operate, economical, and noninvasive. EEG signals are
complex nonstationary signals, and a large amount of information
is lost when using the original routine analytical methods, so that
the clinical application of EEG for the early diagnosis of AD is
limited.With the recent developments in computer technology and
signal analysis technology, considerable progress had beenmade in
the ﬁeld of EEG acquisition and analysis. Power spectrum tech-
nology, one of the quantitative EEG methods, is used to obtain the
EEG power spectrum graph and frequency by computer using fast
Fourier transform with the domain conversion of EEG signals from
time to frequency. It is generally agreed that a certain degree of
improvement of the resolution for MCI should be made with
quantitative EEG2; however, the results of several studies varieddicine. Published by Elsevier Taiwan LLC. All rights reserved.
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different brain regions in recent years3,4. EEG can be divided into
resting state EEG and working memory state EEG according to the
different status of the patients. Working memory is an important
cognitive function, including information coding, maintenance, and
recycling. Abnormalities in patients with impaired cognitive func-
tion that cannot be displayed by resting state EEG may be found
through the analysis of working memory state EEG5.
Patients with mild AD, patients with MCI, and cognitive normal
controls were enrolled in this study. The resting EEG and working
memory EEG of these individuals were recorded. We explored the
abnormalities in the EEGs of patients with early stages of cognitive
impairment to determinemore economical and reliable methods of
clinical diagnosis.
2. Materials and Methods
2.1. Participants
The participants consisted of inpatients, outpatients, or healthy
individuals in the geriatric department of Shanghai Sixth People's
Hospital, Shanghai, China from February 2011 toMarch 2013. A total
of 120 participants, age 60 years, were enrolled in the study based
on their medical history, clinical manifestations, and neuropsy-
chological test results. These participants consisted of 40 patients
withmild AD, 40 patientswithMCI, and 40 healthy individuals (NC).
All individuals were able to undergo the relevant examinations and
had signed an informed written consent form. The basic clinical
situation of the participants was recorded. Trained research staff
administered a battery of cognitive rating scales, including Mini-
Mental State Examination (MMSE; score range, 0e30), Montreal
Cognitive Assessment (MOCA; score range, 0e30), Clinical De-
mentia Rating (scores: 0, 0.5, 1, 2, and 3), Global Deteriorate Scale
(GDS; Grades 1e7), Activities of Daily Living Scale (ADL; score range,
14e56), and Hachinski ischemic score (HIS; score range, 0e18).
Global cognitive statuswas assessed usingMMSE andMOCA:MMSE
for the participants with less than 12 years of education and MOCA
for the participants withmore than 12 years of education. The study
design was approved by the Shanghai Jiao Tong University ethics
committee in accordance with the Declaration of Helsinki. All par-
ticipantswere informed about the purpose of this study, and trained
in the use of instruments and data collection.
The inclusion criteria for mild AD group were as follows: (1)
comply with the core clinical diagnostic criteria of probable AD de-
mentia in 2011 (National Institute of Aging and Alzheimer's Associ-
ation,NIA-AA)1; and (2) 20MMSE 23 (or 20MOCA23), Clinic
Dementia Rating (CDR) ¼ 1, GDS ¼ 3 or 4, ADL  17, and HIS  4.
The inclusion criteria for MCI group were as follows: (1) comply
with the core clinical diagnostic criteria of MCI due to AD in 2011
NIA-AA1: complaining of cognitive decline for > 3 months, with
cognition impairment in one or more regions of cognition, main-
taining independence in their daily lives, and not meeting the
diagnostic criteria for dementia; (2) 24  MMSE  27 (or
24MOCA 27), CDR¼ 0.5, GDS¼ 2 or 3, ADL 16, andHIS 46e8.
The inclusion criteria for the NC group were as follows: (1)
cognition, memory, living, and social function are normal; and (2)
28MMSE 30 (or 28MOCA 30), CDR¼ 0, GDS¼ 1, ADL¼ 14,
and HIS  4.
The exclusion criteria for all groups were as follows: (1) de-
mentia caused by any other neurological diseases (e.g., Parkinson's
disease, epilepsy, brain trauma, tumor, infection, poisoning); (2)
any other mental disorders listed in Ref. 9; (3) non-AD dementia
conﬁrmed by computed tomography, magnetic resonance imag-
ing, hematologic tests, and other tests; (4) patients with a history
of alcohol and drug abuse and dependence in the past 2 years; (5)any severe systemic disease or unstable clinical conditions; and (6)
had been using some drugs affecting brain function within 2
weeks.
2.2. EEG acquisition
During the tests, the participants, who were sitting on a chair,
awake with eyes closed, and relaxed, were checked using Nihon
Kohden (Nishiochiai Shinjuku-ku, Tokyo, Japan) EEG (EEG-1518K
type). Electrodes were placed according to the international 10e20
system. Sixteen AgeAgCl disk electrodes were placed on the pa-
tient's scalp (FP1, FP2, F3, F4, C3, C4, P3, P4, F7, F8, T3, T4, T5, T6, O1,
and O2). Unipolar leads tracings were taken, regarding both sides of
the ear as the reference electrode (Ref). The following details were
recorded: gain, 100 uv ¼ 1 cm; fast frequency ﬁltering, 70 Hz; time
constant, 0.1 second; the scalp resistance of each electrode does not
exceed 5 kU. The resting state EEG was traced for 5 minutes, then
the working memory task was started.
The taskwas designed on the recognition of short-termmemory
content. A member of staff asked the questions, which started with
the addition of two single digits. The questions were divided into
two different kinds of difﬁcult memory tasks: ﬁrst group task and
second group task. Each group task was performed three times.
During the ﬁrst group task, the participants showed the answers
with their ﬁngers after the staff asked each computational question,
for example, (1) 1 þ 1, (2) 2 þ 1, and (3) 3 þ 2. During the second
group task, the participants showed the answers with their ﬁngers,
after the staff asked two computational questions, for example, (1)
1 þ 2 and 2 þ 2, (2) 2 þ 3 and 3 þ 4, and (3) 3 þ 4 and 4 þ 5.
The EEGs were recorded. The selected bands were as follows:
d (2.0e3.9 Hz), q (4.0e7.9 Hz), a1 (8.0e10.9 Hz), a2 (11.0e13.9 Hz),
b1 (14.0e17.9 Hz), and b2 (18.0e30.0 Hz).
2.3. Power value calculation
We selected ﬁve epochs without eye movements and other
pseudo, from the resting state EEG, with each epoch lasting 4
seconds. The power values for the resting state and working
memory task EEG were recorded automatically with an electro-
encephalograph. We selected 10 local sites to avoid interferences
from eye movements and myoelectricity: left and right frontal (F3,
F4), central (C3, C4), parietal (P3, P4), temporal (T3, T4), and oc-
cipital (O1, O2) lobes.
2.4. Statistical analysis
A normal distribution of the power values was obtained via log
transformation. Continuous variables were expressed as
mean ± standard deviation. For the comparison between three
groups, one-way analysis of variance was used. Differences be-
tween groups for parametric continuous variables were analyzed
using StudenteNewmaneKeuls test. The results were considered
statistically signiﬁcant at p < 0.05.
3. Results
3.1. Global characteristics of the study population
A total of 120 patients were enrolled. The AD group (n ¼ 40)
consisted of 25 males and 15 females, with an average age of
73.50 ± 7.30 years. In the MCI group (n ¼ 40), there were 23 males
and 17 females, whose average agewas 71.85 ± 7.86 years. In the NC
group (n¼ 40), there were 22 males and 18 females, whose average
age was 70.38 ± 7.05 years.
Table 1
Comparison of each band power value within the three groups in a resting condition.
Waveband Group F3 F4 C3 C4 P3 P4 T3 T4 O1 O2
d NC 2.12 ± 2.28 2.17 ± 2.09 2.59 ± 2.83 2.50 ± 1.96 2.45 ± 2.18 1.74 ± 1.31 1.64 ± 1.44 1.94 ± 1.68 2.63 ± 2.46 2.87 ± 2.75
MCI 2.78 ± 3.05 2.65 ± 2.13 2.18 ± 2.08 3.03 ± 2.01 2.98 ± 2.09 3.68 ± 2.65* 3.87 ± 3.29* 2.92 ± 2.14 3.24 ± 2.92 3.62 ± 2.48
AD 3.05 ± 2.76 4.21 ± 2.75*D 3.09 ± 2.21 3.69 ± 2.89 3.76 ± 3.18 5.40 ± 4.30*,** 4.23 ± 3.34* 2.47 ± 2.09 3.56 ± 3.27 3.52 ± 2.69
q NC 2.37 ± 1.79 2.01 ± 2.38 2.24 ± 1.95 2.03 ± 1.75 2.68 ± 1.82 1.49 ± 1.04 1.88 ± 1.72 1.82 ± 1.47 1.69 ± 1.27 1.98 ± 1.73
MCI 2.63 ± 2.08 2.40 ± 2.03 2.94 ± 1.98 2.69 ± 2.01 2.05 ± 1.94 2.02 ± 1.03 2.28 ± 2.13 2.45 ± 2.36 2.14 ± 1.65 2.42 ± 2.50
AD 3.40 ± 2.12 3.51 ± 2.30 3.38 ± 2.38 3.46 ± 2.27 3.07 ± 2.51 4.31 ± 3.84*,** 3.31 ± 2.78* 3.12 ± 2.96 3.24 ± 2.09 3.21 ± 2.59
a1 NC 2.81 ± 2.66 2.59 ± 2.25 3.72 ± 4.69 3.85 ± 3.15 2.52 ± 2.18 3.19 ± 3.77 3.42 ± 3.76 2.83 ± 2.40 3.08 ± 2.20 3.13 ± 2.10
MCI 2.58 ± 2.07 2.23 ± 2.09 2.69 ± 2.14 3.07 ± 4.31 3.41 ± 3.25 2.62 ± 3.04 2.87 ± 3.16 3.01 ± 2.65 3.16 ± 3.85 3.36 ± 2.23
AD 2.76 ± 2.03 2.12 ± 2.34 3.02 ± 3.51 3.12 ± 3.45 2.18 ± 2.76 3.08 ± 3.38 2.69 ± 3.85 2.38 ± 2.11 2.77 ± 3.58 3.22 ± 2.07
a2 NC 2.33 ± 3.63 2.71 ± 2.53 2.70 ± 3.05 3.44 ± 3.46 3.29 ± 3.81 2.79 ± 2.44 2.39 ± 2.25 2.42 ± 3.05 2.28 ± 2.18 2.52 ± 2.79
MCI 2.07 ± 1.90 2.32 ± 2.34 2.62 ± 2.48 3.16 ± 3.10 2.56 ± 3.24 2.56 ± 2.25 2.64 ± 2.22 3.15 ± 2.10 2.23 ± 2.83 3.72 ± 2.94
AD 2.48 ± 3.18 2.29 ± 3.36 3.17 ± 3.97 2.54 ± 2.10 2.34 ± 2.99 2.26 ± 3.77 3.00 ± 3.62 2.50 ± 4.52 2.07 ± 2.02 2.76 ± 3.03
b1 NC 0.66 ± 0.42 0.63 ± 0.41 0.72 ± 0.46 0.64 ± 0.49 0.63 ± 0.41 0.68 ± 0.46 0.71 ± 0.51 0.69 ± 0.49 0.65 ± 0.43 0.73 ± 0.45
MCI 0.74 ± 0.45 0.60 ± 0.42 0.61 ± 0.53 0.57 ± 0.46 0.58 ± 0.45 0.73 ± 0.53 0.69 ± 0.45 0.74 ± 0.46 0.62 ± 0.47 0.68 ± 0.43
AD 0.69 ± 0.46 0.72 ± 0.45 0.65 ± 0.47 0.54 ± 0.43 0.56 ± 0.48 0.65 ± 0.49 0.65 ± 0.47 0.72 ± 0.51 0.60 ± 0.45 0.66 ± 0.48
b2 NC 0.53 ± 0.27 0.54 ± 0.33 0.56 ± 0.34 0.48 ± 0.37 0.49 ± 0.31 0.52 ± 0.36 0.60 ± 0.42 0.48 ± 0.38 0.66 ± 0.30 0.54 ± 0.38
MCI 0.55 ± 0.30 0.65 ± 0.38 0.52 ± 0.37 0.42 ± 0.32 0.52 ± 0.33 0.49 ± 0.38 0.52 ± 0.37 0.45 ± 0.42 0.51 ± 0.32 0.47 ± 0.37
AD 0.63 ± 0.35 0.58 ± 0.36 0.54 ± 0.40 0.45 ± 0.36 0.54 ± 0.35 0.48 ± 0.35 0.56 ± 0.44 0.46 ± 0.39 0.54 ± 0.35 0.51 ± 0.40
Data are presented as mean ± standard deviation.
* p < 0.05 compared with the NC group.
** p < 0.05, MCI group compared with the AD group.
AD ¼ Alzheimer's disease; MCI ¼ mild cognitive impairment; NC ¼ normal controls.
M. Ya et al.1983.2. Comparison of each band power value within the three groups
in the resting condition
In a resting condition, statistically signiﬁcant differences of
d wave power were found in the F4, P4, and T3 regions among the
three groups, as well as q wave power in the P4 and T3 regions
(Table 1).
The d wave power of the MCI group was signiﬁcantly higher
than that of the NC group (p < 0.05) in the P4 and T3 regions,
whereas the dwave power of the AD groupwas signiﬁcantly higher
than that of the NC group (p < 0.05) in the P4, T3, and F4 regions,
and also higher than that of the MCI group in the F4 and P4 regions
(p < 0.05). As for q wave power, the AD group was higher than the
NC group in the P4 and T3 regions (p < 0.05) and the MCI group in
the P4 region (p < 0.05). For the a1, a2, b1, and b2 wave power,
however, the three groups showed no signiﬁcant difference
(p > 0.05).3.3. Comparison of each band power value within the three groups
in the working memory task
During the ﬁrst group of memory task (shown in Figures 1 and
2), signiﬁcant increases of dwave power in P4 and qwave power in
P4 and T3were found in both theMCI and the AD groups, comparedFigure 1. Comparison of d wave power in each area of the three groups in the ﬁrst
group working memory task. a p < 0.05, MCI group compared with NC group.
b p < 0.05, AD group compared with NC group. AD ¼ Alzheimer's disease; MCI ¼ mild
cognitive impairment; NC ¼ normal controls.with the NC group (p < 0.05). Meanwhile, the q wave power in P4
and T3 of the AD group was higher than that of the MCI group
(p < 0.05). Moreover, there were no statistically signiﬁcant differ-
ences in a1, a2, b1, and b2 wave powers among the three groups
(p > 0.05).
During the second group of memory task (shown in Figures 3
and 4), there were statistically signiﬁcant differences in q wave
power in C4 and T3, and a1wave power in C4, P3, and P4 among the
three groups (p < 0.05). The q wave power in C4 of the AD and the
MCI groups was higher than that of the NC group (p < 0.05),
whereas the q wave power in T3 of the AD group was higher than
that of the MCI and NC groups (p < 0.05). The a1 wave power of the
AD groupwas higher than that of the NC group in the C4, P3, and P4
regions (p < 0.05); meanwhile, the a1 wave power of the AD group
was higher than that of the MCI group in P3 and P4 (p < 0.05). The
a1 wave power of the MCI group in C4 was higher than that of the
NC group (p < 0.05). As for d, a2, b1, and b2 wave power, the three
groups showed no signiﬁcant differences in every region.4. Discussion
EEG measures the spontaneous and rhythmic electrical activity
of the brain nerve cells as recorded and magniﬁed by EEGFigure 2. Comparison of q wave power in each area of the three groups in the ﬁrst
group working memory task. a p < 0.05, MCI group compared with NC group.
b p < 0.05, MCI group compared with AD group. c p < 0.05, AD group compared with NC
group. AD ¼ Alzheimer's disease; MCI ¼ mild cognitive impairment; NC ¼ normal
controls.
Figure 3. Comparison of q wave power in each area of the three groups in the second
group working memory task. a p < 0.05, MCI group compared with NC group.
b p < 0.05, MCI group compared with AD group. c p < 0.05, AD group compared with NC
group. AD ¼ Alzheimer's disease; MCI ¼ mild cognitive impairment; NC ¼ normal
controls.
EEG Power Spectrum in Diagnosis of the Elderly with Cognitive Impairment 199instruments. It shows different waveforms in different ages, sexes,
states of consciousness, levels of brain function, and pathological
states. It is difﬁcult to ﬁnd uniform characteristics that could aid
clinical diagnosis in previous studies based on the EEG of patients
with cognitive impairment, because traditional EEG analysis tech-
niques, mainly qualitative or semiquantitative analysis, were used.
Many quantitative EEG analysis methods have been introduced
with the advancements ushered in by recent technological de-
velopments. Quantitative EEG analysis can reveal more information
and changes in brain function than qualitative EEG. Power spec-
trum analysis is the core part of quantitative EEG, which has
become the common method used in clinical research.
Some researchers have suggested that, compared with normal
people, AD patients mainly show decrease in fast waveband power
value and increase in slow waveband power value10. In this study,
compared with the NC group, it was found that the MCI and AD
groups showed signiﬁcant increase in both q and d wave power in
the resting condition. The q and d wave powers of the MCI group
were higher than those of the NC group and lower than those of the
AD group. For a1, a2, b1, and b2 wave powers, there were no sta-
tistically signiﬁcant differences among the three groups. This
indicated that the patients with cognition impairment showed
slowing brainwave, mainly d wave and q wave, which was consis-
tent with previous studies10,11. Some researchers reported that
increased d and q wave power in temporal and occipital regions
could be found in half of the patients with AD12. Edman et al's13
follow-up study suggested that the increase of slow wave activ-
ities were closely associated with the decrease of cognition inFigure 4. Comparison of a1 wave power in each area of the three groups in the second
group working memory task. a p < 0.05, MCI group compared with NC group.
b p < 0.05, MCI group compared with AD group. c p < 0.05, AD group compared with NC
group. AD ¼ Alzheimer's disease; MCI ¼ mild cognitive impairment; NC ¼ normal
controls.dementia patients. In this study, we found that the degree of
slowing down of brainwaves of MCI patients was between that of
the AD and NC groups. This matched with the observation that the
pathological changes of brain tissue in MCI patients ranged be-
tween that of the normal aging and AD patients.
Some researchers indicated that the changes in dwave power of
patients with cognitive impairment may be attributable to the
dysfunction of the basal ganglia cholinergic neurons. And this kind
of dysfunction cannot suppress hypothalamic-derived d rhythm. It
follows that the increase in d wave power could be regarded as the
manifestation of neurodegenerative aging14,15. Furthermore, some
studies reported that the increase of q band power reﬂected the
contact disorder among the hippocampus, septal nucleus, reticular
formation, thalamus, and neocortex16. Our study supports this
view. AD and MCI patients are unable to suppress the slow wave
caused by cortical slow shock, because of the loss of cholinergic
neurons in the basal ganglia and hippocampus regions, which led to
the increase of d and q wave power.
Working memory is a short-term memory, including informa-
tion encoding, maintenance, and extraction process. Complex
cognitive tasks, such as language comprehension, learning, and
mental arithmetic, cannot be completed without temporary infor-
mation storage and handling in the working memory system17.
Working memory was closely linked with multiple brain regions,
including the prefrontal cortex, the central medial temporal lobe,
and the posterior commissural cortex18,19. van der Hiele et al5
suggested that it was more effective to distinguish MCI patients
from healthy participants by using EEG in the working memory
condition than in the resting condition. In this study, d, q, and a1
wave power of some brain regions in the MCI and AD group
increased during the working memory task, compared with the NC
group. Wang et al17 also found that the q, a1, a2, and b1 wave
powers of certain brain regions in the MCI group were higher than
those in normal controls in the working memory state. Some
studies suggested that increased awave power was associated with
worse memory, whereas decreased a wave power was associated
with better memory20,21. In this study, a1 wave power in the three
groups did not show any signiﬁcant difference in the resting con-
dition. However, in the working memory condition, a1 wave power
of certain brain regions was higher in both the MCI and AD groups
than in the NC group. In this study, the participants in the AD and
MCI groups were patients with mild cognitive dysfunction. During
a working memory task, a1 wave was a compensatory activation to
maintain a normal working memory capacity. The compensatory
increase of a1 wave power appeared in consequence22,23. The
excessive activation of a1 wave in patients with mild cognitive
dysfunction indicated that the abnormality of a1 power spectrum
can be used for the prediction of AD.
In this study, the differences of brain wave power in the three
groups were found mainly in frontal, temporal, and parietal re-
gions, which was consistent with the main pathological changes in
MCI and AD patients, the atrophy structures of the medial temporal
and frontal lobe. However, the brain is a volume conductor and
different brain regions were interconnected by many nerve ﬁbers;
the EEG activity of the medial temporal lobe could be propagated to
farther regions trough the temporal scalp electrodes. Therefore, the
increase of EEG slow-wave activities in patients with cognitive
impairment is not conﬁned to the temporal region.
In short, the features of EEG power spectrum played a certain
role in distinguishing patients with MCI from those with normal
cognition. However, because of the small sample size used in this
study, the results should be considered preliminary conclusions. In
the future, we will increase the quantity of samples and follow up
the changes in EEG power spectrum with declines in cognitive
function.
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